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3B0JII0U;H0HHbie ypaBHCHHH flJlH KyfiHHCCKHX CTOXaCTHHCCKHX 

npoueccoB 

B.;^. MaMypoB 

AHHOTaLl,HH 

B ;i;aHHOH pa6oTe no anaiiorHH [1,2] onpe;i;ejiaeTCH Ky6wiecKim 
CToxacTHHecKHH npoLi;ecc h Hsj^aexca 3bojik)L(hh (;i;HHaMHKa) HeKoxopoH 
6HOJiorHHecKOH cHcxeMfei E co;i;epacaii];eH ne Menee xpex sjieMenxoB. 

ByflCM CHHxaxb SHOJiorHnecKHH npoiiecc onpe^ejieHHbiM, ecjiH 
sa^ana xpoiiKa {e,F,m), r^e F ecxb a- anreSpa no;iMH05KecxB E, M- 
coBOKynHOCXb BepoaxHOCXHbix Mep na {e,f) h h3 snaHHH saKona 

BSaHMOAGHCXBHa XpCX 3JieMeHX0B X,y,Z H3 E H BCpOaXHOCXHyK) MCpy 
e M B HCKOXOpblH MOMCHX BpeMCHH CRQJXJQT SHaHHC SaKOHa 

pacnpeAejieHHH BepOHXHOcxeH e M cHcxeMbi E b momchx BpeMCHH 
^1 > ^0 . HsynaeMbiH npoiiecc onpe/jenHexcH cjieAyiomHM oSpasoM: npoiiecc 

HSMeHeHHH BepOHXHOCXHblX Mep BO BpeMCHH HaSOBCM KySHHHO 

cxoxacxHHecKH onpeAeJieHHbiM, ecnH npH jik)6om BbiSope ancMenxoB x, y 

H Z H3 E, MHO^eCXBa A^F M MOMenXOB BpeMCHH ?j H ^2 , npHHCM t^>t^+\ 

, cymecxByex onpefleneHHaa BepoaxHOCXb P{t^,x,y,z,t^,A) xoro, hxo npH 

BSaHMOAGHCXBHH 3JieMeHX0B X, J H Z B MOMCHX BpeMCHH , B MOMCHX 

BpCMCHH ^2 peajiH3yexca o^hh h3 ajiCMcnxoB, npHHafljie5Kaiii,Hx 

MH05KeCXBy^ . 

npH 3X0M, eCJIH B MOMCHX BpCMCHH H3BeCXHa BCpOaXHOCXHaa 

Mcpa m, e M , xo OT, (^2 ^ ^ + 1) OHpeAenaexcH ho (J)opMyjie 

^tX^) = \\\ P{h ' 2' h ' "^y^t, idx)m,^ (dy)m,^ (dz) ( 1 ) 

EEE 

flajiee xpeSyexca BbinojiHeHHe cjie;i;yioiii;HX ycjioBHH: 

(I) P{t, X, y,z,t + 1, a) = P(0, X, y, z,l, A) JI,JI^ Bcex t>\; 

(II) SnaHeHHe P{t^,x,y,z,t2,A) ne MenaeTca npn npoHSBOJibHOH 
nepecTBHOBKe apryMCHTOB x,y,z ;i;jiHBcex x,y,zGE, A&F; 

(III) , X, 7, z, ^2 , ^) - Mepa Ha -F) Bcex 4)HKCHpoBaHHbix x, z e . 

(IV) P(^i,x,>',z,^2,^) KaK 4)yHKi;Hji ipex nepeMeHHbix x,y h z HSMepHMa 

OTHOCHTeHbHO {ExExE, F ® F ® F) JlJl^ BCeX 4)HKCHpOBaHHbIX AgF; 

(V) fljia npoHSBOJibHbix <t2<tj xaicHX, hto t2-ti>l h ^3 -^2 ^1 hmcct 

MeCTO paBeHCTBO 

P{t^ ,x,y,z,t^,A) = ^^^ P{t^ , X, y, z, )P{t2 , u, S, q, , A)m,^ (d &) ■ m,^ {dg) (2) 

EEE 



P{t,x,y,t,A)=S(A) = 



3x0 paBCHCTBo 6y;i;eM HasbiBaxb 4)yHAaMeHTajibHbiM ypaBHeHHCM 
paccMaxpHBaeMoro npoLi;ecca, oho aBjiaexca anajioroM HSBecxHoro 
ypaBHeHHH KojiMoropoBa-^enMeHa b xeopHH MapKOBCKHx npoiieccoB. 

YKajKCM eme Oflny aHanorHK) c MapKOBCKHMH npoiieccaMH, mm 
npeflji05KHM oflHopoflHOCXb npoLi,ecca 3a HyjieBoii npOMOKyxoK. 

1^1, ecjiu (x, A 
[0, ecjiu (x, y)^ A 
ycjiOBHa (1) H xpeSoBaHHH nepaBCHCXBa ^2-^+1 onpefleneHHH 
Hamero npoiiecca npHHHMaioxcH, hcxo/ih h3 o6iii,hx nojiojKCHHH renexHRH, 
Koxopaa cjiy:acHx jijifi nac b KanecxBC HJiJiK)cxpaLi,HH. 

nycxb E = {1,2,..., n} h x^") = {x/^^x/V-^^^"^} - HanajibHoe 
pacnpeflCJieHHe na E. BBCflCM o5o3HaHeHHH: 
P{0, i, J, k, t, I) = p.j^i , p{s, i, j, k, t, I) = 

PacnpeAejieHHH na momchx t = \, x^'^ =(x/'\x2^'\...^„^'^) b CHjiy 
ypaBHCHHa (1) onpeAejiaexca cncAyiomHM o6pa30M 

X,' -* = ^ PijkjA '-^y ^-^i ^ k = \,n . 

B 3X0M cjiynae ycjiOBHa (I) hmciox cjiCAyiomHH bh^: ^ P'lki- 
npeAnojio:acHM hxo BpCMH ^HCKpexHO. Tor^a onepaxop p^^''^^ 
onpcAeJiaex: pl^'^x^"^ = Px^'^ = x^'^ h 

^(2) _ V n t(i)t(i)tW - V T^oVfo^T^") 
■*1 ~ Z_,Pijk,l-^i ^k ~ Z-tPaPO,k^a ^6 * 

i,j,k a,p,0 

ypaBHCHHa (1) npHMyx bh^ 

^; = Y.!^^^'^'^' (3) 

i,J,k 

a ^yH^aMeHxajibHoe ypaBHCHHe (2) 

P\jk}l ~ 'Yp\jk,lpln'J,l-'^r ^•^^ ^ ' ^^-^ 

r;i;e t-s>1 h r-^>l. 

ripHMep: 1. £ = {1,2,3} H x^°^ =(x^°\x*''\xf )-HaHajibHoe 
pacnpe;i;ejieHHe na E . 

Tor;i;a cjie;i;yioiii;afl cHcxeMa BepoaxHocxefi npn < £■ < ^ 

^fe^ = ^^'Is-r b'"^"' - i)(i - 2^)^ +1], ^ = 1,2,3 ; 



2 

a B ocxanbHbix cnynaflx 



p[sA (2"' 1) (0) /-^/y 



ijkj 



y;i;oBjiexBopaiox ycjioBHSM (I)-(V). 



npe;i;nojioacHM, hto 4)yHKi;HH p^^^j npn t>s + 2 ;i;H4)4)epeHi;HpyeMbi 
no 5 H ^. 

fljia t>s+2 B CHjiy (4) HMecM: 

„t,f+A] _ [s,t\ _ ^ [s,t-\\ [t-U+^\ (t-l) (t-Y) _ ^ U,t-\] [t-\,t\ (t-\) (t-V, _ 
PijkJ yijk,l ~ Z^yijk,m PmySJ -^r S Z^i^ijk,m l^mySJ-^r ^ ~ 



1 

myS 



- V n^''-'] ln['-'''+^] - nt'-l''] lv('-l> v^'-^) T'S'l 



f/-l./-Al _ 

TaK KaK pt^lj = p„ys,i Bcex t, nojio>KHM a „^,j(t)^]^^ ^ ^ b 
npe^nojio^eHHH, hto c)^ecTByeT npaBaa nacxb. 

PasAenHB o5e cxopoHbi paBencTBa (5) na A h nepexo;i;a k npe;i;ejiy, 
nojiyHHM 

^-z«„..,(oxrxr>4;:r^ (6) 

npe^nojio^HM, HTO ? > 5 + 2 . B CHjiy (4) 

/^i/A,/ Pijk,l ~ Z-i\riJk,m PmySJ 
m,y,S 

_ [5+A,.v+A+l] [.v+A+l,<] (5+A+l) jj.(.s+A+l) ] ^ r„[v,.'+A+l] _ Ir^^+^-^l) v(*+^+>) ^t+A+l,'] 

ijk^m T^myS,! y S \ \Jr^ ijk^m ijk,m yy S myS,l 

myS 

PasAejiHB o6e cxopoHbi paBencxBa (6) na A h nepexo^a k npe^eny, 
nojiyHHM 

OS „yg 

Tenepb paccMoxpHM ;iH(|)(|)epeHLi,HajibHbie ypaBHCHHa oxHOCHxejibHO 
pacnpe^ejieHHH ^ . TaK KaK b CHjiy (3) = X^Iu'^^^-^/' '^-^y '^-^z' ^ 

— /_^Piji^k -^y 

^jia ? > 1 HMecM 

-4^ = Ztfc'^'^ -i^^^^^-" (8) 

Pa3;i;ejiHB o6e cxopoHbi paBencxBa (8) na A h nepexo;i;a k npe;i;ejiy, 
nojiyHHM 

^=i:a,,(^^-''^r-r- (9) 

ijj 

CncxeMa flH4)^epeHi;HajibHbix ypaBHeHHii (6) h (9) flBJiaioxca 

ypaBHeHHHMH c 3ana3AbiBaK)iii,HM apryMenxoM, a CHCxcMa 
;iH(|)(|)epeHLi,HajibHbix ypaBHenHH (7)- ypaBHCHHeM c onepe5Kaioiu,HM 
apryMCHxoM. 

Ilycxb -KOHXHHyajibHa. PaccMOxpHM KySnnHO cxoxacxHnecKH 
onpeAejieHHbiH npoiiecc, sa^aHHbiH na hsmcphmom npocxpancxBe {E, F) c 
HanajibHOH MepOH Mq . 
IIpH t>s + 2 B CHjiy (V) HMeex 



P(s, X, y,z,t + A, A) - P(s, X, y, z, t. A) = 
= J I J P(s, X, y,z,t — 1, du){P(t -l,u,&,g,t + A,A)- P{t - 1, u, 3, q, t, A)\m,_^ (d »9)m^_i (dq) 

EEE 

TT n 1- P{t-\,u,9,q,t + A,A)-P{t-\,u,9,q,t,A) 
npe;i;nojioacHM, hto C(t,u,&,q,A) = lim — ^ ^ — , , , j 

cymecTByex. 

Tor;i;a nepexo;i;ji k npe;i;ejiy npn A ^ 

8P{s,x,y,z,t,A) ^ 1 1 1 2^ ^ _ 1) c(t, u,9,q, A)m,_, id&)m,_, (dq) ( 1 0) 

EEE 

nojiyHHM nepBoe HHTerpo-;i;H4)4)epeHi;HajibHoe ypaBHCHHe. 

AHajIOrHHHO, H3 
P(s, X, y, z, t. A) - P(s + A, X, y,z,t,A) = ^^^ {P(s, x,y,z,s + l + A, du) - 

EEE 

- P(s, x, y,z,s + 1, du)]P(s + \ + A,u,9,q,t, A)m^^y^^ {dff)m^^y^^ {dq) noJiyHHM BTOpOH 
HHTerpo-;^H^^epeHL(Hajii>Hoe ypaBHCHHe 

dP{s, X, y, z, t. A) _ _| 1 1 _|_ 1^ du)P(s + l,u,3,q, t, A)m^_^_i {d9)m^^^ (dq) . 

EEE 

(11) 

IlycTb E = R H = (- oo; w] JiioSoro wgR. IIojioacHM 

F{s, X, y, z, t, w) = P{s, X, y, z, t,AJ- 

Bh;i;ho hto F(s,x,y,z,t,w) KaK 4)yHKi;Ha ox w MOHoxoHHa, nenpepbiBHa 
cjieBa H y;i;oBjieTBopaeT ipaHHHHbiM ycnoBHJiM F(s,x,y,z,t,-co) = o, 
F(s,x,y,z,t,+ao) = l. J\jiK 4)yHKi;HH F(s,x,y,z,t,w) ycjioBHe (V) 6y;i;eT HMeex 

F(s, X, y,z,t,w) = ^ ^ ^ dF(s, x, y, z, r, u)F(t, u, 3, q, t, w)m^ (d 3)m^ (dq) . 

EEE 

EcjiH F(s,x,y,z,t,w) KaK (|)yHKLi,Hfl w a5cojiiOTHO HenpepbiBHa, to 
F(s, X, y, z,t,w)= j / (s, X, y, z, t, u)du . r;i;e / (s, x, y, z, t, w) -HeoTpHLi;aTejibHaa 

—CO 

(^yHKLi,HH H3MepHMa OTHOCHTCJibHO apryMCHTOB x,y,z,w H y^OBjiexBopflex 

yCJIOBHflM 

00 

jf(s,x,y,z,t,w)dw = l H 

—00 

f(s, X, y,z,t,w) = ^jj f(s, X, y, z, t, u)f(T, u,3,q, t, w)m^ (d3)m^ (dq)du (12) 

EEE 

(10)h(11) jxRii F(s,x,y,z,t,w) HMeex cjie;i;yioii];HH bha: 

dF(s,x,y,z,t,w) r r rdF(s,x,y,z,t-l,u) 

— -= — C(t,u,&,q,w)dum^_i(d&)m^_i(dq) 

dt JJJ du 

dF(s,x,y,z,t,w) r r r 8C(s + l,x,y,z,u) , „ . , . 
V , , , y _ — V , , ^ F(s + l,u,9,q,t,w)dum^^^(d9)m^^^(dq). 



ds m du 



T-, — , , - dC(s + l,x,y,z,u) 

EcJiH C(s + 1, X, y, z, u) = — ^ xor^a, 

du 



dF(s,x, y.z.t.w) c c c~^. , ^t^. , r. ^ i ^ ,r,^ ^ , ^ 

— ^ ~ J J J l'-^'3^'^'")^ + l,u,^,q,t,w)aum^^^{axf)m^^^{clq) . 

EEE 

EcjiH a{t,u, &, q,w) = \mi — — ^ ' ^ ./ v > > > / npe^eji 

cymecTByex, xor^a nojiyHHM 

df{s,x,y,z,t,w) ^^^^^f^^^^ q ,^^j-^g j^ y^^^f_i^^^^^^^^^^ffy^ (13) 
df(s,x, y, z, t,w) _ _f f f + l,x,y,z,u)f{s + \,u,3,q,t,z)dum^^^{d3)m^^^{dq) 

St Hi 

(14). 

IIpH HCKOTopbix ycjioBHflx HHTerpo-;i;H4)4)epeHLi;HajibHbie ypaBHeHHfl 
(13) H (14) cBo;i;jiTC3i K ;i;H4)4)epeHi;HajibHbiM. IlycTb t>s+2 , Tor;i;a h3 
(12) HMeeM 

f{s, X, y, z, t, w) - f(s + A, X, y,z,t,w) = ^^^ {f(s, x,y,z,s + 1 + A,u)- 

EEE 

- f{s + A, X, J, z, ^ + 1 + A, u)}f{s + 1 + A, M, ,9, q, t, w)m^^i^^ {d9)m^^^^^ {dq)du 

(15) 

Pa3JI05KHB (J)yHKLl,HK) f{s + \ + l^,U,S,q,t,w) B pH^l, TCHJIOpa B OKpCCTHOCTH 

TOHKH {x,y,z) , HMeeM: 

f {s + \ + h.,u,&,q,t,w) = f{s + \ + ls.,x,y,z,t,w) + ^^ -iu-x) + 

du 

I df(s + l + A,x,y,z,t,w) ^ df(s + l + A,x,y,z,t,w) ^ 

89 dq 



^ I d^f{s + l + A,x,y,z,t,w) 2 ^ I d^f{s + l + A,x,y,z,t,w) ^ 

2 du^ 2 d9^ 

\ f(s + \ + A,x, y.z.t.w) , ^2 f(s + 1 + A,x, y.z.t.w) , 

— ' (q-z) + — — U u- 

2 dq^ dudS 



, g"/(^ + l + A,x,j;,z,^,w) ^ _ „^ , g'/(^ + l + A,x,>;,z,^w) ^„ 
+ — (" -xKq-z) + — (6^ -y){q-z) + 

ouoq oWq 

^j_ aV(. + l + A,x,;;,z,^,w) , l_ aV(. + l + A,x,;;,z,^,w) , 

2 du^d9 ' ' 2 du^dq 

^]_ aV(. + l + A,x,;;,z,.,w) , i aV(. + l + A,x,;;,z,.,w) , 

2 d9^du V V y 2 

^i aV(. + l + A,x,j.,z,.,w) , l_ aV(. + l + A,x,;;,z,.,w) , 

, 1 d'f{s + \ + A,x,y,z,t,w) ^^_ ..^3 , I f{s + 1 + A,x,y,z,t,w) ^ ^ 3 

+ - ^1 Ku-x) +- — ^ {9-y) + 

6 5^ 6 5.9 



, l d^fis + l + A,x,y,z,t,w) ^ ^3 , d^fis + l + A,x,y,z,t,w) ^ 

+ - —2 (g-z) + i^-x)i^-y)i<i-z) 

6 dq ouoBoq 

16) 

no;i;cTaBHM (16) B (15) H paccMoxpHM xe cjiaraeMbix Koxopbie oxjiHHHbi ox 
Hyjifl: 

JJJ{/(5,x,j;,z,5 + 1 + A,m)-/(5 + A,x,j;,z,5 + 1 + A,m)} ^-^^^^^^^'^'^'^'^'^\ m-x)x 

EEE '^■^ 

^jm \j Sf{s + \ + A,x,y,z,t,w)rc.. . . , 

X OT^^i^A {d&)m^^,^/, {dq)du = J \f{s, x,y,z,s + \ + A,u)- 

cx ^ 

- f(s + A,x,y,z,s + 1 + A,m)}(m -x)du 

IlOJIOKHM 

a{s,x,y,z,A) = ^{f{s,x,y,z,s + \ + A,u)-f{s + A,x,y,z,s + \ + A,u)\u-x)du . 

E 

Tenepb nepeH;i;eM k cjiaraeMbiM co ExoptiMH npoH3Bo;i;HbiMH 

1 d^f{s + \ + A,x,y,z,w)^^ 



^^^{f{s,x,y,z,s + \ + A,u)- f{s + A,x,y,z,s + \ + A,u)} ^ 

EEE 1 OX 

32 



/ ^2 .jm /J ^J 1^ f{s + '^ + A,X,y,Z,w)rc.. . . , 

(u - X) OT^^i^^ (d&)m^^i^^ (dq)du = — J [f(s, x,y,z,s + 1 + A,u)- 



- f(s + A,x,y,z,s + 1 + A,u)](u -x)^du 
IIojioacHM 



b^(s,x,y,z,A) = ^\f(s,x,y,z,s + 1 + A,u) - f(s + A,x,y,z,s + 1 + A,u)](u -xY du 

E 

^^^{f{s,x,y,z,s + 1 + A,u)-f{s + A,x,y,z,s + 1 + A,u)} ^ ^^^^'^'^'^\ u-x){&- 

EEE 



/jm /J ^J ^ jis + i + A,x,y,z,t,w)r(.. . ^ . 

m,+i+A {dS)m^^,^^ {dq)du = -^-^ J [f{s, x,y,z,s + 1 + A,u)- 



d^f{s + l + A,x,y,z,t,w) 
dxdy 

- f(s + A,x,y,z,s + l + A, u)Yu - x)duj (3 - y)m^^i^^ (d ff) . 

E 

IIojioacHM j(&-y)m^^^_^^(d&) = a(s + l,y,A) . flanee 

E 

^^^{f{s,x,y,z,s + l + A,u)-f{s + A,x,y,z,s + l + A,u)} ^ ■^^^'^^^^'^'^'^'^'^\ u-x)x 

EEE 

i ^ /jm /J ^J f + \ + A,X,y ,Z,t,W) ^ ( ^. . . . 

(q - z)m,^i^^ {d&)m^^,^^ {dq)du = -—^ I {f{s, x,y,z,s + 1 + A,u)- 

oxoz ^ 

- f(s + A,x,y,z,s + l + A,u)}j(u- x)duj (q - z)m^^^^^ (dq) . 



\{fis,x,y,z,s + 1 + A,u)- f(s + A,x,y,z,s + \ + A,u)}-^^ -(u-x) 

{&-y)m^^^^^{d&)m^^,^^{dq)du = - —j- I [f {s,x,y,z,s + \ + A,u)- 

2 dx dy % 

- f{s + A,x,y,z,s + \ + A,u))(u-x)du\{9-y)m {d3) = — ' x 

2 dx dy 

b\s, x, y, z, A)a(s + 1, y. A) . 

jjj{f(s,x,y,z,s + l + A, u) - f(s + A,x,y,z,s + l + A,u)}- 2^ - x) x 

EEE 2 OX oz 

i ^ /jm /J ^J 1 a^C-^ + 1 + A,X, J,Z,?, w) f f , . , 

{q - z)m^^,^^ (d3)m^^,^^ {dq)du = J {f{s, x,y,z,s + \ + A)- 

r/ K 1 A <\t x2 r f/ N /J N 1 aV('S + l + A,X,>',Z,?,H') 

- /(■s + A,x,j,z,6' + 1 + A,m)Xm-x) (q^-z)OT {dq) = — / x 

2 ax az 

Z)^(5,x, J, z, A)a(5 + 1, z, A) . 

JJJ{/(5,x,j;,z,5 + l + A,t.)-/(5 + A,x,>;,z,5 + l + A,4^ ^''^^" + ^ + ^'^ 
EEE 2 o yox 

(u - x)m,^i^A (d &)m^^i^^ (dq)du = | ^ /(^ + ^+^^^'->''^'^'^) j {y (^^ x,y,z,s + 1 + A,u)- 

— f(s + A,x,y,z,s + 1 + A,u)](u - x)du \ (3 - yV m (d&) = — ar^SjX, v,z, A)x 

J s+l+A 2 

«2(^ + l,J,A) r^e a^{s + \,y,A) = \{&-yfm^,,,^{d&). 



s+l+A 2 

aV(^ + l + A,x,>;,z,r,w) 



d'ydx 

J J J |/(^, X, J, z, ^ + 1 + A, w) - /(^ + A, X, J, z, ^ + 1 + A, j - 2p - 2) X 



£££ 2 az ax 

/ X /jm /J xj 1 aV("S' + l + A,X,J;,Z,^,W) f r ^ ^ , 

(u - x)m,^i^^ (J .9)m,^i^^ ( J^) = —^z J [f{s,x, y,z,s + 1 + A,u)- 



dz dx 

- /(5 + A, X, z, 5 + 1 + A, w)Xm - x)6?w J - z) m^^i^^ (,d9) = - x 



^ 2 az ax 



a(5, X, 7, z, A)a2 ("^ + 1, z. A) . 

ffff/-/ 1 A N A 1 A .iaV('S' + l + A,x,3;,z,?,w) , . 

\{f{s,x,y,z,s + \ + A,u)-fis + A,x,y,z,s + \ + A,u)]^!-^ ——^ ^(m-x)x 

iii ^zdydz 



^/ ^ /jm f {s + 1 + A,X, y, Z,t,w) r ( . ^ . 

- f{s + A,x,y,z,s + \ + A, u)Yu - x)du^ {3 - y)m^^^^^ {d3)-^{q- z)m^^^^^ (dg) = 

E E 
f{s + l + I^,X,y,Z,t,w) . r r 

= ^ ^ ^ a{s, X, y, z, A)ais + 1, y, A)a(5 + 1, z, A) . 

oxoyoz 

TaK KaK ocxajibHbie cnaraeMbie paBHbi Hyjiio: 

^/ N ^/ A N / .^df(s + l + A,x,y,z,t,w) 

f{s, X, y, z, t, w) - f{s + A, X, y, z, t, w) = a{s, x, y, z. A) + 

ox 

j2 



7 2/ AN 1 ^ fiS + i + A,X,y,Z,t,W) 1 , AN / 1 AN 

+ b (s, X, y, z, A) • - + -a(s, x, y, z, A)a(s + 1, y, A) x 

2 dx 2 



d f(s + l + A,x,y,z,t,w) d f(s + l + A,x,y,z,t,w) 

— + a{s, X, y, z. A) — a(s + l, z. A) + 

oxoy oxcz 

\ f{s + \ + A,x,y,z,t,w) ,2r AN / 1 AN f{s + \ + A,x,y,z,t,w) 
+ — / ^ {s, x, y, z, A)a{s + 1, A) + — / x 

j2r AN / 1 AN 1 / .^S'^ f{s + \ + A,x,y,z,t,w) 

(5, X, y, A)a{s + 1, z, A) + - a{s, x, y, z, A) ' x 

2 dy ox 

r 1 AN \ f{S+\ + A,X,y,Z,t,W) . AN / 1 AN / AN 

xq;2(^ + 1,7,A) + + - a(5',x,j;,z,A)Q;2(^ + l,z,A) + a(5,x,j;,z,A)x 

2 oz ox 

/ 1 AN / 1 .^^^ f{s-^\-^ A,x,y,z,t,w) 

y.a{s + \,y,A)a(^s + \,z,A)^^ ——^ . 

oxoyoz 

(17) 

06e cTopoHbi nocjie;i;Hero paBencxBa 5y;i;eM pa3;i;ejiHM na A h nepexo;i;a k 

npe;i;ejiy b (1 7) npn A ^ , nojioacHM 

N 1- a(s,x,y,A) 2, n r b^is,x,y,A) 

A{s,x,y,z) = hm^ — r^-^^ B\s, x,y, z) = \mi ^ / ' , 

A-M A 2A 



D(s + l,y) = lim cir(5' + 1, 3;, A) , D2(s + l,y) = lim 



a2(s + l,y,A) 



A->0 A->0 2A 

npcAnojiaraeM, hto 3th npe^enbi cymecxByioT. 
Tor^a H3 (17) hmccm 

df(s,x,y,z,t,w) _ ^^ df{s + \,x,y,z,t,w) ^^ d^ f{s + \,x,y,z,t,w) 

— Ji(^!>,x,y,z) D \^s,x,y,z) 

OS ox ox 

2 oxoy Oxoy 

At ,1 f{s^\,x,y,z,t,w) 2. .j^. , .d^f(s + l,x,y,z,t,w) 

- A(s, X, y, z)D{s + 1, z) — B {s, x, y, z)D(s + 1, y) 

oxoz ox oz 



^1 fis + l,x,y,z,t,w) 1 /(5 + j;,z,^,w) 
- 5 (s, X, y, z)D{s + 1, z) — A{s, x, y, z)D^ {s + 1, y) — 



dx dz 2 dy dx 

2 oz ox 

d^f{s + l,x,y,z,t,w) 



- - Ais, X, y, z)D, (s + 1, z) ' ' ' - Ais, x, y, z)D{s + 1, y)Dis + 1, z) x 



X 



(18) 



dxdydz 

H3 ypaBHeHHH (12), hmccm 

f(s, X, y,z,t + A, w) - f(s, X, y,z,t,w) = ^jj f(s, x, y,z,t -\,u){f{t -\,u,3,q,t + A, w) - 

EES 

- f{t - \,u,3,q,t, w))in,_^ {d3)m,_^ (dq)du (19) 
HycTb (^yHKi^HH f(s,x,y,z,t-l,w) cymecxByioT nacTHbie npoHSBO^Hbie 
;i;o 3-ro nopaflKa. PasjioacHM ee b pa^, Tefijiopa b oKpecxHocTH b tohkh w : 

. 1 ^ .1 . df(s,x,y,z,t-\,w) d^fis,x,y,z,t-l,w) 

f{s,x,y,z,t-l,w) = f{s,x,y,z,t-l,w) + (u-w) + — x 

ow ow 

X- — + 



2 6 
Tor;i;a h3 (19) nonyHHM 

f{s, X, y,z,t + A, w) - f(s, X, y, z, t, w) 



EES 



A 

mf{t-\,u,S,q,t + A,w)- f(t-\,u,S,q,t,w) 
^ — m^_^ {a >9)m,_j {dq)au + 



= f(s,x,y,z,t-l,w)x 



+ ^('^^'y^^'^-^'^) f f ^ nt-l,u,3,q,t + A,w)-nt-l,u,3,q,t,w) ^^ _ ^ 

Phi! J J J A 



dw 



FEE 



, 8^f{s,x,y,z,t-\,w) ((( f{t-\,u,&,q,t + A,w)-f{t-\,u,&,q,t,w) 2 .,n^ \^ ^ 
+ (m - w) 1 {aB)m.^ {aq)au + 



dw 



EEE 



\\\f{t-\,u,v,q,t + A,w)- fit - 1, u, V, q, t, w) 

+ {u - wfm,_y {d3)m,_y (dq)du 

6A 

(20) 

npe;i;nojioacHM, hto cymecxByioT cjie;i;yioii];He npe;i;ejibi. 

j j j /(^ - 1, u, &,q,t + A, w) - fit - 1, u, 3, q, t, w) 

lim m,_i (d&)m^_i (dq)du = N(t, w) 

A^O 

jjj{f(t-\,u,&,q,t + A,w)-f(t-l,u,3,q,t, {d&)m,_^ (dq)du 
lim = A(t, w) 

A^O A 

^ ^ ^ {f (t - l,u,3,qj + A,w) - f (t - l,u,3,qj,w)]{u -wY m^_j (d &)m^_^ {dq)du 

= B\t,w) 

A^o 2A 



^ ^ ^{f{t — l,u,&,qj + A,w) — f(t — l,u,&,q,t,w)^u — M^^ m^_^ {d&)m^_^ (dq)du 



lim 

A^O 



E E E 



= 



Tor^a nepexoA^ k npe^ejiy b (20) npH A^O nojiyHHM 
flH^4^epeHLi,HajibHoe ypaBHCHHe c otkjiohhk)iii,hmch apryMenxoM 

— = N(t, w)f{s, X, y,z,t- 1, w) + A{t, w) + 



dw 



dz 



^ 52., .df(s,x,y,z,t-\,w) 
+ n (t,W) 



IIpHMep 2. CeMCHCTBo 4))'hkli;hh 



exp 



f(s,x,y,z,t,w) = 



^ w- X - y - z ^ 



^(2'^' -2'^' +1)71 
onpe^enflex Ky6HHecKHH cxoxacTHHecKHH npOLi,ecc. 
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